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A-Ru-PRa 
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L 3 (D\^'ttli)^<D-m'^^m^'{triyy)V^^^2^mi^o 

[it^« 5 ] m^m 1 L 4 (D\^'rn-fy^<D-^^^m^^tyi'yjv^=-^ 
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[m:^m 6 ] m^m i ^ v^ b 4 <D\,^irM^(Dm^^m^^triyyjvv^=^^ 

m^ms] MPFg (Mit-m<7)^^:ty^^-t) t.mm'^nx\f^^:i 
n ^^Wit-t^m^m 7 (D-m^^m^itr uy j^mm. 

-t^m^m 8 (D-mi&^m^^triyyjv^-^2^mm. 

im^mi 0] m:^m 6 fji\^M^ 9 (D\,^irM^(Dmm<D^^r iz>t i^y ^ y 

mi^^i 2] m^m6^£^^LS(D\,^rti^-^<Dmm(D^^r\zriz^uy 
[000 1 ] 

:i(Dii^m(Dmnit. m^^m^^tri^yjv9'-^^^i^t.^<Dmmm.mz:in 

[0 0 0 2] 

'^^^v. ^^mmt)'^Rxnzm^Lrcruy;v^~^2^mmt. m^^dtrnm^ 
m^m(Dr:Lib(Dmmmmi$'t.tjtijm^zt.ti^^i^nx\,^^. vf3^i,fjtti^^. ri^ 

fbL, 0^<<Dm^^<Dmu^mmx&^t\^^omm^mhx\^^^. 



2 



tBSE^t 2003-3043840 



#2002—065662 



[0 0 0 3] 
[0 0 0 4] 

^•t^z-h^umnhx^^^. 

[0 0 0 5] 
[0 0 0 6] 

[^b 3 ] 

A-Ru-PRa 

[0 0 0 7] 

(^cpoAii, ^(Dmm(D^mmnis^'^u\zm^hx\^^^Mmm^^^^\^. x 

T V ^ T % J; V ^ j^>fb7Km^ 5: ) 
[0 0 0 8] 
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'f'm^itruyjv^=:-^2^^i^^m^.-t^o 

[0 0 0 9] 
[0 0 10] 

[fb4] 

B-Ru-PRg 

[0011] 

[0 0 12] 

(Dm^^m^itriyyjvy^=:-^2^^m'^m'\^0^^t^nx^^^z.t^w^ii'r^ 
mm^^^f^m(D-m^^m^^tr\^yj\y'r-=-^2^mm^mmL. htc^. 
y^y^t^^tmm'^tix\,^^:it^wmtt^±m(D-M^^m^^triyyji^ 
=^^2^mm^. msizit. mpfq (Mit-'m<Dij^:ty^^ir) tmm^tix 

:^jvrjva-Mt^Si^tmm^nx\,^^:it.^!^m^-t^-m^'f'm^^tr\yyji 
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[0013] 

[0014] 
[0 0 15] 

Xy'^ >S : P R3:^^)^Ru^C|§-a'bTV^-&o Z:(D«?g{Cfe V^T. 

t* ^ R liM^S ^ b T V ^ T % J; V > j^>f bTK^^T- S> o T . 3 (Z) j^>f 

LTti, aiJKf^. si3^^, ^bT^#^. '^h\z\tmmn(7^^n(D^(Dis^^m^'^ 

[0 0 16] 

Ti^7.y>(ym: PR3S:^^-r<5^^l:7K^SR<Z)#^ld:, JgAJKD U <D*0 
^ ^ ti ^ - S 7^ I S II M (Z) % CO T' & o T J: V ^ „ 
[0 0 17] 
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[0 0 18] 
[0019] 

So 

[0 0 2 0] 

2 (p Phg) mm'im^n^o 

[0 0 2 1] 

[fb 5 ] 




Ru 



[0 0 2 2] 
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^^izm^^ntcmmtLxmmx^. mm<Dm^x%m^^mmm'\±^mm 

•t^^tti^X^^o 

[0 0 2 3] 

tfj^tD%. ±m(Dm^^m&itr\yy;v^:^^j^^m'^m'\^^^t^tix^^^ 
mm^L<itz.titi^mm^ntcmmm^mx$>^o mmm^mtLxit. tcLux 

) }i<D. •^^\z\tr)\^n-'M\:^m'^r^yit^m. rjv^y^t^m. rjv^=. 
\yyi\:^^mhL(Dmmmx%^. 

[0 0 2 4] 

fes. ^(D^fZs\>t. Ttiyy-^ ym^^m^(p< t.^2mmm-t^^t^m^mm-t 
'Dxmm^£^^Ki^(D-"Diir£^^(Dx-&^. 

[0 0 2 5] 

^-^2^^^^.. ^7.y^ y^t^m> riz^i^y^^^mLx^^^rjv^^-jvr 
;vzi-Mt^m. $ e>fcij:N a p Fgmt.(Dm^mii Lxmrn^ntcmmti^mm 
fjt^(DtLxm^-^n^. r^t^it. mmmthx^^T^Lx^^^^o^z. 
(D^iz^iz^^x. 5M.mmmit'^m^7 5%(Dumx^m.'^mt.L. 2mM(Dn 
mmmmiz^^x. xr^8i%, 3m^<Dmmmmiz^^x. W9 8%i:v^ 
'^mi^xmtir^Kmmtxmm:^^'^iyy^^f^^mm^mt. ltvn^o 

[0 0 2 6] 
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Ru catalyst (20 mol %) 



hexane-toluene (10:1) 
reflux, 12 h 



Ts 



[0 0 2 7] 
[0 0 2 8] 

% *> 5 ^ J^^ T (7) M i C <fc o T 5§ ^ PS ^ S tl -5 r ^ « ^ V ^ „ 
[0 0 2 9] 

<mmm i > 

ruy;i^=-^ 2^mi^(Dm^ 

[0 0 3 0] 



[0 0 3 1 ] 

(D^j^^^izmo^cDtLX. m^^Wi^^triyy;\y^=.^^mi^ (Sa) (3 b 

) ^mmvt=.o 

[0 0 3 2] 



lit 7] 




3a : R = Ph 
3b:R = Cy cr ^ 



0 Synthesis of C R u ( 77 ^- CgHgC OgE t ) (Tj^-PPhg) C 1 
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(2 a) 

^Az:fi#: (1) : CRu ( ^- CgH^C E t ) C 1 2 ^ 
9 4g. 0. 6 1 mmo 1) (Z)i:;^nD^^>^?g (1 4. 5 m 1 ) h V :7 oi 
(0. 3 2 1 g, 1. 2 2mmo 1) $:iD;i, 0:$>r^li 

[0 0 3 3]. 

2 a) $:^*6!;tC#7t (0. 7 1 5 g, 1. 2 2mino 1) „ 
[0 0 3 4] 

[0 0 3 5] 
[*1] 

[Ru(T76-G6H5C02Et)(77i-PPh3)Cl2] (2a) 'H 
NMR 5 = 1.41 (t, 3H, J = 7.1 Hz), 4.43 (q, 2H, J = 7.1 Hz), 5.08 (t, 2H, J = 5.9 Hz), 
5.28-5.33 (m, IH), 6.44 (d, 2H, 7= 6.1 Hz), 7.35-7.50 (m, 9H), 7.70-7.90 (m, 6H); l^c 
NMR 5 = 14.5, 62.6, 85.09, 85.11, 88.6, 95.31, 95.33, 128.1, 128.2. 130.59, 130.62, 
132.5, 133.0, 134.1, 134.2, 163.8; 31p NMR 5 = 25.8. 

[0 0 3 6] 

(D Synthesis of CRu ( 7? ^- CgH^C OgE t ) (v^-PCy^) C 1 
(2b) 

T% ±m(DtmmizLxjv^=.^i^mi^ (2 b) ^mr=.o 

[0 0 3 7] 

(D -^^^m^^triyyjv^-^^^^i^ (3 a) <d^^ 

i^^)7s^lyy (5,. OOg) U^^'^y (lOOml) \ZQ^°C<D'U.^ 

x-mmLt^o :i<DmmK. ±m(Djv^=:.^2^mi^ (2 a) (o. 2 0g) ^mtu 
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[0 0 3 8] 

2 a) tim^L. :r.^;i^yVJi~hti^mtDnr^o 
[0 0 3 9] 

M^5^i^i^^^^{coicic?^£Pb^c= m^mtf^^i^t^. 

[0 0 4 0] 

^^^y (10 0ml) ^mmh. ^mzi zm^msfcL^ T-feh-hu;i/T' 

^irPS-RuClgCPPhg) (3a)$:#;to 9 8 A^Mi^^^S 

2^PSR-MASNHR6 = 2 5. 7 (Z? hg) tCjioT^foT^c 
[0 0 4 1 ] 

® ]^^^^@^ft:Ti/>;i/-r-'t7A^^ (3 b) (^^^ 

(2 b) $:MVNT, _hia(Di:llI^{CLTW^^=-@^ffcTl/>;L'7^n^A^^ 
PS-RuClg (PCyg) (3b)$:ff;^„ 
^^P S R-MA S NMR 8 = 2 8. 5 (P.C yg) -^rfe-So 
<IISfeM2> 
mM:f<^'\iiy^^m (RCM) 

[0 0 4 2] 

[^b 8 ] 



PCya NaR=e. 



^ — f-Ph 
4 OH 



solvent, reflux, 1 h 



5a (20 mol %) 



hexanis, reflux, 12 h 



[0 0 4 3] 
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[0 0 4 4] 

® mmo:>mm 

±U(D-m^^m^i\:r\^y}y'r=:-^h>^ii^: PS-RuClg (PPhg) (3 
a) (0. 0 5 8 mmol/g, 6 8 9 mg, 0. 04mmol) h U ^ 

n^:3p>>;iy4^X7^ > : P C Yg ( 1 1 . 2mg, 0. 04mmol), 1, 1 

2 - tf >^ (4 ) (8. 3mg. 0. 0 4 mm o 1 ) fej; 
t>*NaPFg(6. 7mg, 0. 04mmol) V ^ D /nV -71/ - ^=3p-9-> 

(1:10. 10ml) (j^m^^mzm^x^. im^mm^ii^yKm.w\^t^. 

[0 0 4 5] 

[0 0 4 6] 

N, N-i/T U;i/- p - h;bX>>C.;i/7jN>T^ K (6) (5 0. 3mg, 0. 
2 0 mmo 1 ) (D^^^y- h;i/X> (10:1. 10ml) U^WLhL. ±IB® 
{cJ;^?gtt^b;i/7^-'i7AM^ (5 a) i:§:^?aT'^i^b. r^v^T% 5im^f4^T{c 

1 2^r^mf#ufc. 

[0 0 4 7] 
[0 0 4 8] 

N-tosyl-2, 5 -i^t Kn fcfn-;i/ (3 3 . 5mg, 7 5 %IR^) 
[0 0 4 9] 

r CO CO o |^^# tiij^ ® i: u o ;t o 

[0 0 5 0] 
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m2] 

iV-Tosyl-2^-dihydropyrrole. l H NMR 5 = 2.43 (s, 3H), 4.11 (s. 4H), 5.65 (s, 
2H), 7.32 (d, 2H, J = 8.2 Hz). 7.72 (d. 2H. J = 8.2 Hz); «3c NMR 5 = 21.4, 54.8, 125.4. 
127.3, 129.7, 134.1, 143.4. 

[0 0 5 1] 

t^fc. mi^-i^nr=.mm (O. 04mmol)lj:, PCygCll. 2mg, 0 
. 0 4 mmo 1) feJ:tKl, 1 - t/y aL=.J\/- 2 -zfu\^ J -Jl (4) (8. 3 
mg, 0. 04mmol) 4V^n)-\J (1:10, 1 0 m 

1) t^f^C^V^T^g^b, l^r^, WM.-r\zm^\^tc. r^V^T^NaPFg (6. 7 
mg, 0. 04mmol) ^WMX^. $ 5) ICl 2 ^r^^MT'li^ b it„ 
[0 0 5 2] 

frL^m\Lmm (5 a) ^%f=.. 

[0 0 5 3] 

z.(D^o\z-n^-^t\.fc^m\im,Wk (5 a) ^mm-t^z.}L\z^^x. ±M(j^m 

m,:f^^^^^:KJx]^'Q<I^^m%. 2tHlg<D^M^'^8 1%, 3|lIST?^M^tC9 8 
<^£fe^J 3 > 

ll^feM2^cfev^T, v!§'M;vx-^AM^ (5 a) {cf^;tT, W:$>^=-@^>fb;i/ 

T^-i^i,^^ (3 b) ^m\^xnm\zmm\.fz.^m\L)\^'r^^ umm (5b)'S: 

[0 0 5 4] 

N-tosyi- 2, ^-V\L Kntf n-;i/C0iR^ld;4 9 %x%^fz.n 

[0 0 5 5] 

, 3tlI0cZ);^/^;T'ld:l|X^7 7%T'feo?to 
<^JgM4> 

^^fe^J2^CfeV^T, Vl^'[4ffc:;i/7^-'^AM^ (5 a) \ZfK,XX. NaPFg^rM 
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^^i'ji\^x*mmvr=.mmvmm:^^±iy:^&m^n^rc^:r.?>. N-tosyi - 2, 

[0 0 5 6] 

<mmm 5 > 

mM:^ ^-^iy:^^}^ (RCM) 

mmm2iimmzi.x. mi^^tjv^=:.^2^mm (5 a) ^zomo i%<dws^ 
xmmL. y\^-^y- hjvj:.y (10:1) mm^izis\^^x. mm.^<^r. 12 

[0 0 5 7] 

[0 0 5 8] 
[^3] 

enrty substrate product yield (%) 




98 



2 



9 



92 



3 



;o2Et 



72 



5 



4 




66 



82 



[0 0 5 9] 



[0 0 6 0] 
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[^4] 

Methyl (DL)-A^-Tosyl-4^-didehydropipecolate. ' H NMR 5 = 2.42 (s, 3H), 
2.52-2.57 (m, 2H), 3.49 (s, 3H), 3.78-3.90 (s, IH). 4.02-4.16 (m. IH), 4.87 (t. IH, 7 = 
4.3 Hz), 5.58-5.70 (m, 2H), 7.29 (d, 2H, / = 8.3 Hz), 7.68 (d, 2H, J = 8.3 Hz); J3c NMR 
5 = 21.4, 27.7, 42.0, 52.0, 52.5, 122.2, 123.3, 127.1. 129.4, 136.1, 143.3, 170.8. 

A^-Tosyl-l,2,3,6-tetrahydropyridme. iR NMR 5 = 2.18-2.24 (m, 2H), 2.43 (s, 
3H), 3.17 (t, 2H, J = 5.7 Hz). 3.57 (t, 2H, 7 = 2.6 Hz), 5.57-5.66 (m, IH), 5.71-5.80 (m, 
IH), 7.32 (d, 2H, /= 8.1 Hz), 7.67 (d, 2H, 7 = 8.1 Hz); I3c NMR 6 = 21.5. 25.2, 42.6, 
44.7, 122.7, 125.0, 127.6, 130.0, 133.2, 143.4. 

Diethyl 3-cyclopentene-14-dicarboxylate. iH NMR 5 = 1.16 (t, 6H, 7 = 7.1 
Hz), 3.01 (s, 4H). 420 (q, 4H, 7 = 7.1 Hz), 5.61 (s. 2H); I3c NMR 5 = 14.0, 40.8, 
58.8,61.5,127.8,172.2. 

2- Phenyl-2^-dihydrofiiraii. iR NMR 5 = 4.77 (dddd, IH, J - 1.7, 2.4, 4.1, 12.9 
Hz), 4.88 (ddt, IH, 7 = 2.0, 6.1, 12.9 Hz), 5.77-5.82 (m, IH), 5.87-5.92 (m. IH), 6.02- 
6.06 (m, IH), 7.65-7.38 (m, 5H); l^c NMR 8 = 75.8, 87.9, 126.4, 126.6, 127.8, 128.5, 
129.9, 142.0. 

3- Methyl-A^-tosyl-l,5-dlhydropyrroI-2-one. ^H NMR 5 = 1.79-1.84 (m, 3H), 
2.43 (s, 3H), 4.33-4.38 (m. 2H), 6.85-6.90 (m, IH), 7.33 (d, 2H, 7 = 8.3 Hz), 7.96 (d, 
2H, 7= 8.3 Hz); 13c NMR 5 = 10.8, 21.6, 50.1, 127.9, 129.7, 134.9, 135.3, 139.2, 
145.0, 169.2. 

[0 0 6 1 ] 

<mmmQ> ■ 

[0 0 6 2] 
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K2CO3 (0.5 eq), PrOH. reflux, 12 h |j 



3a (20 mol %), PPha (20 mol %) 




87 % yield 



[0 0 6 3] 
[0 0 6 4] 

S-RuC Ig (P P hg) (3 a) (44. 3mg, 0. 17mmol) il, K 
2003(68. Img, 0. 42mmol)fcj;tJfhU y jlzl;^^:^^ ^ y (4 
4. 3mg, 0. 17mmol) Tirh^my^ (101. 4mg, 0. 8 

4mmoi) (Z)-f y:/n/NV (8. 4 m i ) mmz-^UX'-muU^L. ?^Vn 

[0 0 6 5] 

, i/U nv hmS^L/T, 1 -:7x:n;i/x^ y (8 9. 3mg, 87 

[0 0 6 6] 

r <z) =fo o li^j^: (7) T' ^ o 

[0 0 6 7] 



1-Phenylethanol. NMR 5 = 1.46 (d, 3H, J = 6.4 Hz), 2.20 (s, IH), 4.84 (q, IH, 
7 = 6.4 Hz), 7.20-7.37 (m, 5H); 13CNMR5 =25.1, 70.3, 125.3, 127.4, 128.4, 145.8. 

[0 0 6 8] 



[^5] 
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<mmm i > 

T ;i/ ^ Mt^^<DmtB,i^ 

[0 0 6 9] 

[^b 1 0 ] 



^^^^^'^^^ hexane-toluene (10:1 ), reflux, 20 h 

7 68% yield 

[0 0 7 0] 

[0 0 7 1] 

S-RuC (P P hg) (3 a) (0. 0 5 8mmol/g. 6 8 9 m g , 0 
. 04inmol) h ^) y y (10. 5mg. 0. 04mmo 

l)feJ:t)fNH4PFg(6. 5mg. 0. 04mmol) hil^lZ^ 2-X^- 
1 - (2->'U;i/) i^ifU^^^y (7) (34. 3nig, 0. 2 0mmo 
1 ) (D^^-y-^- h;!/:!:^ ( 1 0 : 1, 1 0 m 1) 2 0^ 

[0 0 7 2] 

n X- h5ft$^b^c rti{cj;oT, 6. 7, 8 , 9 -5^ N ^ t K^■:^:7 h [1 
, 2-6] y^y (23. 4mg. 6 8 ^mtco 
[0 0 7 3] 

- ® % CD lir^ <z) i: y s o 

[0 0 7 4] 
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6,7,8,9-Tetrahydronaphtho[i;!-Mjfuran. ' H NMR 5 = 1.76-1.79 (m. 4H), 2.87 
(t, 2H, J = 5.6 Hz), 2.98 (t, 2H, J = 5.6 Hz), 6.70 (d, IH, J = 2.0 Hz), 6.97 (d, IH. J = 
7.9 Hz), 7.32 (d, IH. J = 7.9 Hz). 7.56 (d. lH,y = 2.0 Hz). 13c NMR 5 = 22.4. 22.7, 
23.3, 106.6, 117.8. 121.1, 124.1. 133.3, 144.0, 153.7. 

[0 0 7 5] 

&.±mv<mmLr=:t.n<'}. :i(Dmm<Dmmi>z^^x. m^^j^:^mx*mmt^ 
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mm^m] 

A-RU-PR3 

[mmm] >&b 
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[Title of the document] Specification 

[Title of the invention] POLYMER-SUPPORTED ARENE-RUTHENIUM 
COMPLEX, CATALYST THEREOF, AND ORGANIC SYNTHESIS METHOD 
USING THE SAME 

[Scope of claims] 

[claim l] A polymer-supported arene-ruthenium complex characterized in 
that the complex is represented by the following formula: 

A-RU-PR3 

wherein A represents an organic polymer with a side chain comprising an aromatic 
ring coordinated to Ru, Xi and X2 represent the same or different halogen atoms, 
and R represents a hydrocarbon group that may have a substituent. 

[claim 2] The polymer-supported arene-ruthenium complex of claim 1, 
characterized in that the hydrocarbon group is an alicyclic hydrocarbon group or 
an aromatic hydrocarbon group. 

[claim 3] The polymer-supported arene-ruthenium complex of claim 1 or 2, 
characterized in that the aromatic ring of the side chain is a benzene ring. 

[claim 4] The polymer-supported arene-ruthenium complex of any one of 
claims 1 to 3, characterized in that the organic polymer is a polystyrene. 

[claim 5] A method for producing the polymer-supported arene-ruthenium 
complex of any one of claims 1 to 4, characterized by comprising a ligand exchange 
of a complex monomer represented by the following formula: 



1 



wherein B represents an aromatic compound comprising an aromatic ring 
coordinated to Ru, and Xi, X2 and R are as deflned above, with an organic polymer 
A with a side chain comprising an aromatic ring. 

[claim 6] A polymer-supported arene-ruthenium catalyst for an organic 
synthesis reaction, characterized by comprising the polymer-supported 
arene-ruthenium complex of any one of claims 1 to 4 as an active component. 

[claim 7] The polymer-supported arene-ruthenium catalyst of claim 6, 
characterized in that the catalyst is prepared by mixing the complex with a 
phosphine compound. 

[claim 8] The polymer-supported arene-ruthenium catalyst of claim 7, 
characterized in that the catalyst is prepared by being mixed with MPFg, in which 
M represents a monovalent cation. 

[claim 9] The polymer-supported arene-ruthenium catalyst of claim 8, 
characterized in that the catalyst is prepared by being mixed with an alkynyl 
alcohol compound. 

[claim 10] A method of an organic synthesis reaction, characterized in that a 
ring-closing metathesis reaction of an olefin compound is carried out in the 
presence of the catalyst of any one of claims 6 to 9. 

[claim 11] A method of an organic synthesis reaction, characterized in that 
reduction of a carbonyl group is carried out in the presence of the catalyst of claim 
6 or 7, to synthesize an alcohol compound. 
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[claim 12] A method of an organic synthesis reaction, characterized in that a 
reaction comprising carbon-carbon addition of an acetylene group is carried out in 
the presence of the catalyst of any one of claims 6 to 8. 
[Detailed description of the invention] 

[Field of the invention] 

The present invention relates to a polymer-supported arene-ruthenium 
complex, a catalyst thereof, and organic synthesis methods using the same. 

[Prior art and problems thereof] 

It has been known that arene-ruthenium complexes with aromatic rings 
coordinated to Ru are usable as catalyst precursors for various organic synthesis 
reactions. However, the reaction catalysts prepared from the arene-ruthenium 
complexes are disadvantageous in that they are deteriorated by contact with air or 
moisture and that it is often difficult to recover them. 

Catalysts supported on polymers have been studied to overcome these 
disadvantages. However, practical methods of supporting the catalyst on the 
polymer have not been established, and experimental polymer-supported catalysts 
have outstanding serious disadvantages of low catalytic activity and limitation on 
reactions to which the catalyst can be applied. 

Accordingly, an object of the present invention is to fundamentally 
overcome the above problems, thereby providing a novel polymer-supported 
arene-ruthenium complex and a catalyst thereof, which can be produced by a 
simple process, are stable and easy to recover, have a high catalytic activity, and 
can be used for various organic synthesis reactions, and novel methods using the 
same for an organic synthesis reactions such as ring-closing metathesis of an olefin 
compound and reduction of a carbonyl group. 
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[Means for solving the problems] 

To solve the above problems, according to a first aspect of the present 
invention, there is provided a polymer-supported arene-ruthenium complex 
characterized in that the complex is represented by the following formula: 

A-RU-PR3 

wherein A represents an organic polymer with a side chain comprising an aromatic 
ring coordinated to Ru, Xi and X2 represent the same or different halogen atoms, 
and R represents a hydrocarbon group that may have a substituent. 

According to a second aspect of the invention, there is provided the 
polymer-supported arene-ruthenium complex characterized in that the 
hydrocarbon group is an alicyclic hydrocarbon group or an aromatic hydrocarbon 
group. According to a third aspect, there is provided the polymer-supported 
arene-ruthenium complex characterized in that the aromatic ring of the side chain 
is a benzene ring. According to a fourth aspect, there is provided the 
polymer-supported arene-ruthenium complex characterized in that the organic 
polymer is a polystyrene. 

Further, according to a fifth aspect of the invention, there is provided a 
method for producing the polymer-supported arene-ruthenium complex of any one 
of the first to fourth aspects of the invention, characterized by comprising a ligand 
exchange reaction of a complex monomer represented by the following formula: 

B-Ru-PRa 
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wherein B represents an aromatic compound comprising an aromatic ring 
coordinated to Ru, and Xi, X2 and R are as defined above, with the organic 
polymer A that has an aromatic ring at a side chain . 

Furthermore, according to a sixth aspect of the invention, there is 
provided a polymer-supported arene-ruthenium catalyst for an organic synthesis 
reaction, characterized by comprising the polymer-supported arene-ruthenium 
complex of any one of the first to fourth aspects of the invention as an active 
component. According to a seventh aspect, there is provided the 
polymer-supported arene-ruthenium catalyst characterized in that the catalyst is 
prepared by mixing the complex with a phosphine compound. According to an 
eighth aspect, there is provided the polymer-supported arene-ruthenium catalyst 
characterized in that the catalyst is prepared by mixing the complex with MPF6 in 
which M represents a monovalent cation. According to a ninth aspect, there is 
provided the polymer-supported arene-ruthenium catalyst characterized in that 
the catalyst is prepared by mixing the complex with an alkynyl alcohol compound. 

According to a tenth aspect of the invention, there is provided a method of 
an organic synthesis reaction, characterized in that a ring-closing metathesis 
reaction of an olefin compound is carried out in the presence of the catalyst of any 
one of the sixth to ninth aspects of the invention. According to an eleventh aspect, 
there is provided a method of an organic synthesis reaction, characterized in that 
reduction of a carbonyl group is carried out in the presence of the catalyst of the 
sixth or seventh aspect of the invention to synthesize an alcohol compound. 
According to a twelfth aspect, there is provided a method of an organic synthesis 
reaction, characterized in that a reaction comprising carbon-carbon addition of an 
acetylene group is carried out in the presence of the catalyst of any one of the sixth 
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to eighth aspects of the invention. 
[Mode of practice of invention] 

The present invention is characterized by the above aspects. An 
embodiment of the invention is described below. 

The polymer-supported arene-ruthenium complex provided in the 
invention is represented by the above general formula. The aromatic ring in the 
side chain of the organic polymer A is coordinated to the Ru (ruthenium), and the 
halogen atoms Xi and X2» and the phosphine group PR3 are bonded to the Ru. In 
this structure, R forming the phosphine group is a hydrocarbon group that may 
have a substituent, and the hydrocarbon group may be an aliphatic, alicyclic, 
aromatic, or heterocyclic group. The hydrocarbon group is preferably an 
alicyclic hydrocarbon group such as a cyclohexyl group and a cyclopentyl group, 
or an aromatic hydrocarbon group such as a phenyl group. The hydrocarbon 
group may have a substituent as long as the substituent does not inhibit the 
immobilization on the polymer and the activity of the catalyst. Examples of the 
substituents include hydrocarbon groups such as a methyl group, an ethyl group, a 
butyl group, and aryl groups, alkoxy groups, halogen atoms, ester groups, etc. 

The hydrocarbon groups R's forming the phosphine group PR3 may be the 
same or different groups selected from the above groups. 

The halogen atoms Xi and X2 may be a chlorine atom, a bromine atom, an 
iodine atom, etc. respectively, and may be the same or different atoms. 

The organic polymer A with the side chain containing the aromatic ring 
coordinated to the Ru (ruthenium) is not particularly restricted in its kind, and it 
is preferable that the aromatic ring in the side chain is a benzene ring. Typical 
examples of such organic polymers include polystyrenes, common and easily 
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available. As a matter of course, the main chain of the polymer may contain not 
only a carbon chain but also an ether bond, an ester bond and additionally an 
amino bond, an amide bond, etc. as appropriate. 

The polymer-supported arene-ruthenium complex of the invention can be, 
for instance, produced by the above-described ligand exchange reaction between 
the complex monomer and the organic polymer A. More practically, the ligand 
exchange reaction is preferably carried out in accordance with a 
microencapsulation method, which also is proposed by the inventors. 

For example, in the production of a RuCbCPPhs) complex coordinated 
with and supported by the organic polymer polystyrene, a polymer-supported 
PS-RuCl2(PPh3) complex can be produced by reacting a monomer complex in a 
cyclohexane solvent as shown in the following formula. 




The polymer-supported arene-ruthenium complex of the invention can be 
effectively used for various organic synthesis reactions as a catalyst without 
modiflcation or as a catalyst composition prepared by mixing with an auxiliary 
active component, a cocatalyst, can be used in a reaction accelerator, or can be 
accelerated by heating. The complex shows a high catalytic activity, and can be 
reused because it is polymer-supported, and expresses high catalytic activity in 
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reutilization. 

Thus, the catalyst or the prepared catalyst composition comprises the 
polymer-supported arene-ruthenium complex as an active component. The 
catalyst composition is a preparation mixed with a phosphine compound, or MPF6 
(in which M represents a monovalent cation), or an alcohol compound, an amine 
compound, an alkene compound, an alkynylene compound, etc. 

As an organic synthesis reaction, a ring-closing metathesis reaction of an 
olefin compound is particularly useful. This reaction is such that a compound 
having at least two olefin bonds is closed into a ring, and can be one of important 
principal elementary reactions for synthesizing various pharmaceuticals, 
agricultural chemicals, perfumes, cosmetics, polymer materials, etc. 

Examples of the catalysts effective for the ring-closing metathesis reaction 
include compositions of the polymer-supported arene-ruthenium complex and a 
phosphine compound, an alkynyl alcohol compound having an acetylene bond, 
NaPFfi, etc. For example, as described below in Examples, a ring-closing 
metathesis reaction shown in the following reaction formula can be achieved with 
remarkably excellent results by using the catalyst, and thus a 5-membered 
heterocyclic compound can be synthesized with a yield of 75 % by the first use of 
the catalyst, with a yield of 81% by the second use of the catalyst, with a yield of 
98% by the third use of the catalyst. 



Further, the polymer-supported arene-ruthenium complex of the invention 
can form a reusable catalyst, which shows a high activity in alcohol synthesis by 
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reducing a carbonyl group, a carbon-carbon addition of an acetylene group, etc. 

The invention will be explained in more detail referring to Examples below 
which of course do not restrict the Invention. 

[Example] 
<Example 1> 

Production of polymer-supported arene-ruthenium complexes 

Polymer-supported arene-ruthenium complexes (3a) and (3b) were 
produced in accordance with the following reaction formula. 



cyclohexane 120''C. 24h 
65»C.1h 65°C.:h y J (iJ 



then 0 



3a : R = Ph .Ru 
3b:R = Cy cf PR3 



(1) Synthesis of [Ru(Ti*^-C6H5C02Et)(Ti^-PPh3)Cl2] (2a) 

Triphenylphosphine (0.321 g, 1.22 mmol) was added to 14.5 ml of a 
dichloromethane solution of a ruthenium dimer (1): [Ru(T]^-C6HsC02Et)Cl2]2 
(0.394 g, 0.61 mmol), and stirred at the room temperature for 30 minutes. 

Ethanol was added thereto to generate precipitates, whereby a ruthenium 
complex (2a) was quantitatively obtained as the precipitates (0.715 g, 1.22 mmol). 

Analytical characteristic values of the product are as follows. 
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Table 1 



[Ru(776-C6HsC02Et)(r7*-PPh3)Cl2] (2a) 'H 
NMR 5 = 1.41 (t, 3H. J^IA Hz), 4.43 (q, 2H. 7 = 7.1 Hz), 5.08 (t, 2H. J = 5.9 Hz). 
5.28-5.33 (Ki, IH), 6.44 (d, 2H, / = 6.1 Hz), 7,35-7.50 (m, 9H), 7.70-7.90 (m, 6H); "^c 
NMR 6 = 14.5. 62.6, 85.09. 85 J 1. 88.6. 95.31, 95.33, 128.1, 128.2. 130.59. 130.62, 
132.5. 133.0. 134.1, 134.2. 163.8; 3>P NMR 5 = 25.8. 

(2) Synthesis of [Ru(Ti*-C6H5C02Et)(Ti^-PCy3)Cl2] (2b) 

A ruthenium complex (2b) was obtained in the same manner as (1) using 
tricyclohexylphosphine instead of triphenylphosphine. 

(3) Synthesis of polymer-supported arene-ruthenium complex (3a) 

Polystyrene (5.00 g) was dissolved in cyclohexane (100 ml) at 65°C. The 
above ruthenium complex (2a) (0.20 g) was added to this solution, and stirred at 
120°C for 24 hours and at 65°C for 1 hour. 

The ligand exchange reaction process was monitored by a TLC. The 
ruthenium complex (2a) disappeared and ethyl benzoate was generated. 

The reaction mixture was gradually cooled to O'^C, and phase separation 
was observed. 

To the mixture was added hexane (100 ml) and it was left at room 
temperature for 12 hours. The resultant was washed with acetonitrile several 
times and dried at the room temperature for 24 hours, to obtain the 
polymer-supported arene-ruthenium complex PS-RuCl2(PPh3) (3a). It was 
conHrmed by fluorescent X-ray analysis that 98% of the ruthenium metal was 
supported. The complex was identified by ^^PSR-MAS NMR 5 = 25.7 (PPh^. 
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(4) Synthesis of polymer-supported arene-ruthenium complex (3b) 

The polymer-supported arene-ruthenium complex PS-RuCUCPCys) (3b) 
was obtained in the same manner as (3) using the complex (2b), ^^PSR-MASNMR 5 
= 28.5 (PCya). 
<Example 2> 

Ring-closing metathesis reaction (RCM) 

A ring-closing metathesis reaction of N,N-diallyl-p-toluenesulfonamide (6) 
was carried out in accordance with the following reaction formula. 



PCya. NaPFe. = — ^Ph 

4 filteration 

solvent, reflux, 1 h 

Jt 5a (20 mol %) """^ 

I ^1;^ hexane, reflux, 
6 



3a 



(1) Preparation of catalyst 

The polymer-supported arene-ruthenium complex PS-RuChCPPhs) (3a) 
(0.058 mmol/g, 689 mg, 0.04 mmol), tricyclohexylphosphine PCya (11.2 mg, 0.04 . 
mmol), l,l-diphenyl-2-propynol (4) (8.3 mg, 0.04 mmol), and NaPFg (6.7 mg, 0.04 
mmol) were added to a mixed solvent of isopropanol-hexane (1:10, 10 ml), and 
stirred under reflux for 1 hour. 

Thus generated, the activated ruthenium catalyst (5a) was isolated by 
filtration, washed with ethanol and hexane, and then dried under a reduced 
pressure. 



(2) Ring-closing metathesis reaction 



10 ml of a hexane-toluene (10:1) solution of 
N,N-diallyl-p-toluenesulfonamide (6) (50.3 mg, 0.20 mmol) was mixed with the 
activated ruthenium catalyst (5a) obtained in (1) at the room temperature^ and 
then stirred under reflux for 12 hours. 

The catalyst was isolated by titration and washed with ethanol and hexane, 
and the filtrate was concentrated under a reduced pressure. It was conflrmed by 
fluorescent X-ray analysis that ruthenium metal was not contained in the nitrate. 
The crude product was subjected to a silica gel chromatography, to obtain 
N-tosyl-2,5-dihydropyrrole (33.5 mg, 75% yield). 

Characteristic values of the product are as follows. 

Table 2 

A^-Tosyi-2,5-dihydropyrrole. 'H NMR 5 = 2.43 (s. 3H), 4.11 (s, 4H), 5.65 (s, 

2H), 7.32 (d, 2H, J = 8.2 Hz), 7.72 (d, 2H, J = 8.2 Hz); >3c NMR 5 = 21.4, 54.8, 125.4, 
127.3, 129.7, 134.1, 143.4. 

The recovered catalyst (0.04 mmol) was mixed with PCyj (11.2 mg, 0.04 
mmol) and l,l-diphenyl^2-propynol (4) (8.3 mg, 0.04 mmol) in a solvent of 
isopropanol-hexane (1:10, 10 ml), and stirred under reflux for 1 hour. Then, 
NaPFfi (6.7 mg, 0.04 mmol) was added thereto, and further stirred at the room 
temperature for 12 hours. 

The mixture was subjected to filtration, washing with ethanol and hexane, 
and drying under a reduced pressure, to obtain a recycled, activated catalyst (5a). 

The above ring-closing metathesis reaction was carried out with excellent 
results by using the recycled, activated catalyst (5a), and thus the product was 
obtained with a yield of 81 % by the second use of the catalyst, and with a yield of 
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98% by the third use. 
<Example 3> 

The ring-closing metathesis reaction was carried out in the same manner 
as Example 2 except for using an activated ruthenium catalyst (5b), which was 
prepared using the polymer-supported ruthenium complex (3b), instead of the 
activated ruthenium catalyst (5a). 

N-tosyl-2,5-dihydropyrrole was obtained with a yield of 49%. 

Then, the recovered catalyst was recycled. The product was obtained with 
a yield of 72% by the second use of the catalyst, and with a yield of 77% by the 
third use. 
<Example 4> 

The ring-closing metathesis reaction was carried out in the same manner 
as Example 2 except that a catalyst prepared without NaPFe was used instead of 
the activated ruthenium catalyst (5a). N-tosyl-2,5-dihydropyrrole was obtained 
with a yield of 40%. 

The catalyst was recycled. The product was obtained with a yield of 72 % 
by the second use of the catalyst. 
<Example 5> 

Ring-closing metathesis reaction (RCM) 

Various olefin compounds were each reacted in a hexane-toluene (10:1) 
solvent under reflux for 12 hours in the same manner as Example 2 using 20 mol% 
of the activated ruthenium catalyst (5a). 

The results are shown in the following table. 
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Table 3 



enrty substrate product yield (%) 




Characteristic values of the products are as follows. 
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Table 4 



Methyl (DL)-//-Tosyl-4^-didehydropipecolate. > H NMR 5 = 2.42 (s, 3H), 
2.52-2.57 (m, 2H), 3.49 (s, 3H), 3.78-3.90 (s, IH), 4.02-4.16 (m, IH), 4.87 (t, IH, 7 = 
4.3 Hz), 5.58-5.70 (m, 2H), 7.29 (d, 2H, J = 8.3 Hz), 7.68 (d, 2H, J = 8.3 Hz); '^C NMR 
5 = 21.4, 27.7,42.0, 52.0, 52.5, 122.2, 123.3, 127.1, 129.4, 136.1, 143.3, 170.8. 

iV-Tosyl-l,2,3,6-tetrahydropyridine. 'H NMR 6 = 2.18-2.24 (m, 2H), 2.43 (s, 
3H), 3.17 (t, 2H, J = 5.7 Hz), 3.57 (t, 2H, J = 2.6 Hz), 5.57-5.66 (m, IH), 5.71-5.80 (m, 
IH), 7.32 (d, 2H, y = 8.1 Hz), 7.67 (d, 2H, 7 = 8.1 Hz); '^c NMR 8 = 21.5, 25.2, 42.6, 

44.7, 122.7. 125.0, 127.6, 130.0, 133.2, 143.4. 

Diethyl 3-cyclopentene-l,l-dicarboxylate. 'H NMR 6 = 1.16 (t, 6H, J = 1.1 
Hz), 3.01 (s, 4H), 4.20 (q, 4H, J = 7.1 Hz), 5.61 (s, 2H); ^^C NMR 6 = 14.0, 40.8, 

58.8, 61.5, 127.8, 172.2. 

2- Phenyl-2^-dihydrofuran. 'H NMR 5 = 4.77 (dddd, IH, 7 = 1.7, 2.4, 4.1, 12.9 

Hz), 4.88 (ddt, IH, 7= 2.0, 6.1, 12.9 Hz), 5.77-5.82 (m, IH), 5.87-5.92 (m, IH), 6.02- 
6.06 (m, IH). 7.65-7.38 (m. 5H); '^c NMR 5 = 75.8, 87.9, 126.4, 126.6, 127.8, 128.5, 
129.9, 142.0. 

3- MethyI-iV-tosyl-l,5-dihydropyrroI-2-one. ^H NMR 6 = 1.79-1.84 (m. 3H), 
2.43 (s, 3H). 4.33-4.38 (m, 2H), 6.85-6.90 (m, IH), 7.33 (d. 2H, 7 = 8.3 Hz), 7.96 (d, 
2H, 7= 8.3 Hz); 13C NMR 5 = 10.8. 21.6. 50.1, 127.9, 129.7. 134.9. 135.3. 139.2. 
145.0, 169.2. 

<ExampIe 6> 

Reduction of carbonyl group 

A reduction reaction of acetophenone was carried out in accordance with 
the following reaction formula. 
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K2CO3 {0.5 eq). PrOH, reflux, 12 h 



3 a (20 mol %). PPha (20 mol %) 




87 % yield 



Specifically, the polymer-supported arene-ruthenium complex 
PS-RuCl2(PPh3) (3a) (44.3 mg, 0.17 mmol) produced in Example 1, K2CO3 (58.1 
mg, 0.42 mmol), and triphenylphosphine (44.3 mg, 0.17 mmol) were added to and 
mixed with an isopropanol solution (8.4 ml) of acetophenone (101.4 mg, 0.84 mmol) 
at room temperature, and then stirred under reflux for 12 hours. 

The catalyst was isolated by filtration and washed with ethanol and hexane, 
and the filtrate was concentrated under a reduced pressure and purified by a silica 
gel chromatography to obtain 1-phenylethanol (89.3 mg, 87% yield). 

Characteristic values of the product are as follows. 



1-Phenylethanol. >H NMR 5 = 1.46 (d, 3H, J = 6.4 Hz), 2.20 (s, IH), 4.84 (q, IH, 
J = 6.4 Hz), 7.20-7.37 (m, 5H); '^c NMR 5 = 25.1, 70.3, 125.3, 127.4, 128.4, 145.8. 

Various ketone compounds and aldehyde compounds other than 
acetophenone were each reduced in the same manner, so that corresponding 
alcohol compounds were obtained with a high yield of 60 to 90% . 
<Example 7> 

Cyclization of alkyne compound 

A cyclization/addition reaction of an alkyne was carried out in accordance 
with the following reaction formula. 



Table 5 
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hexane-toluene (10:1), reflux, 20 h 



3a (20 mol %). PPh3 (20 md %) 
NH4PF6(20mol%) 




7 



68 % yield 



Specifically, the polymer-supported arene-ruthenium complex 
PS-RuCbCPPha) (3a) (0.058 mmol/g, 689 mg, 0.04 mmol) produced in Example 1, 
triphenylphosphine (10.5 mg, 0.04 mmol), and NH4PF6 (6.5 mg, 0.04 mmol) were 
mixed with 10 ml of a 10/1 hexane-toluene solution of 
2-ethynyl-l-(2-furyl)cyclohexene (7) (34.3 mg, 0.20 mmol) at the room temperature, 
and stirred under reflux for 20 hours. 

The catalyst was isolated by filtration and washed with ethanol and hexane, 
and the filtrate was concentrated under a reduced pressure and purified by silica 
gel chromatography to obtain 6,7,8,9-tetrahydronaphtho[l,2-6]furan (23.4 mg, 
68% yield). 

Characteristic values of the product are as follows. 



6,7,8,9-Tetrahydronaphtho[l,2-6]furan. l H NMR 6 = 1 .76-1 .79 (m, 4H), 2.87 
(t, 2H, / = 5.6 Hz). 2.98 (t, 2H, J = 5.6 Hz), 6.70 (d, IH, J = 2.0 Hz), 6.97 (d, IH, J = 
7.9 Hz). 7.32 (d, IH, J = 7.9 Hz). 7.56 (d, 1H,7 = 2.0 Hz). »3c NMR 5 = 22.4, 22.7, 
23.3, 106.6, 117.8, 121.1, 124.1, 133.3, 144.0, 153.7. 

[Effect of the invention] 

As described in detail above, according to the present invention, there are 
provided a novel polymer-supported arene-ruthenium complex and a catalyst 
thereof, which can be produced by a simple process, are stable and easy to recover. 



Table 6 



have a high catalytic activity, and can be used for various organic synthesis 
reactions. There are also provided novel methods for organic synthesis reactions 
such as ring-opening metathesis reaction of an olefin compound and reduction of a 
carbonyl group, using the catalyst. 
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[Title of the document] Abstract 
[Abstract] 

[Problem] A novel polymer-supported arene-ruthenium complex and 

catalyst thereof can be produced by a simple process, are stable and easy to recover, 
have a high catalytic activity, and can be used for various organic synthesis 
reactions. Novel methods for an organic synthesis reaction such as ring-opening 
metathesis reaction of an olefin compound and reduction of a carbonyl group, 
using the catalyst are provided. 

[Means for resolution] A novel polymer-supported arene-ruthenium 

complex represented by the following formula: 

A-RU-PR3 

, wherein A represents an organic polymer with a side chain containing an 
aromatic ring coordinated to Ru, Xi and X2 represent the same or different 
halogen atoms, and R represents a hydrocarbon group that may have a substituent 
is provided for use as a catalyst. 
[Selected Figure] None 
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